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appears also associated with mediolateral ends of cells
(Kinoshita et al., 2003). As Dsh has not yet been ana-
lyzed in zebrafish during CE, a direct Dsh and Pk com-
parison in the same cells during CE does not yet exist.
Also, there might be differences not only between spe-
cies but also between germ layers undergoing CE (me-
soderm [Hyodo-Miura et al., 2006] versus neurectoderm
[Ciruna et al., 2006]).
The addition of the PAR proteins to the molecular dis-
section of CE is an exciting step forward and now allows
several models to be tested. Nevertheless, the state of
our understanding is still rudimentary. The nature of
the presumed antagonistic interactions between the
PCP factors and the PAR proteins remains to be ana-
lyzed in sufficient detail. The temporal sequence of po-
larization has not yet been addressed. Which aspect
of polarization comes first and how do the others feed
off of it? How general will these interactions be? With
more players in hand, more specific questions can be
asked, opening an exciting time in the dissection of
the mechanistic aspects of CE and cellular polarization
in general.
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CLASPs are spatially regulated microtubule plus end
tracking proteins involved in forming polarized micro-
tubule arrays. Work in this issue of Developmental
Cell identifies the protein LL5b as a key CLASP bind-
ing platform that mediates communication between
the cell cortex and the microtubule cytoskeleton.
When Kirschner and Mitchison proposed that selective
stabilization of dynamic microtubules might underlie
morphological change (Kirschner and Mitchison, 1986),
their hypothesis was beautiful but unsubstantiated.
Recently it has become clear that spatially regulated
selective stabilization of dynamic microtubules does
occur and plays a fundamental role in processes ranging
from formation of the mitotic spindle to generation of cell
polarity (Carazo-Salas and Karsenti, 2003; Gundersen
et al., 2004). However, the precise mechanisms of selec-
tive stabilization have been harder to establish. The
article by Lansbergen et al. (2006) in this issue of Devel-
opmental Cell provides insight into the mechanism by
which the cell cortex regulates microtubule stabilization
during processes such as cell polarization.
CLASPs are evolutionarily conserved microtubule
binding proteins that dynamically track growing microtu-
bule plus ends. Proteins with this intriguing behavior are
collectively known as ‘‘+TIPs.’’ Because the conforma-
tion of the microtubule plus end is believed to control
whether that microtubule grows, shrinks, or pauses, ithas long been suspected that +TIPs are key players in
selective stabilization processes. Indeed, a number of
+TIPs, including EB1, dynactin complex, and CLIP-170,
have been implicated in microtubule capture (Gundersen
et al., 2004). However, while these +TIPs are generally
found on all growing MT plus ends, the plus end tracking
behavior of CLASPs is spatially regulated: the associa-
tion of CLASPs with microtubules is biased toward the
leading edge of migrating cells (Wittmann and Water-
man-Storer, 2005). This characteristic does not exclude
involvement of other +TIPs in generation of cell polarity,
but it does suggest that CLASPs have a particularly
important role in this process.
Previous work established that CLASPs are involved
in forming polarized MT arrays, bind directly to two
other +TIPs (CLIP-170 and EB1), and are regulated,
directly or indirectly, by GSK3b (Mimori-Kiyosue et al.,
2005; Wittmann and Waterman-Storer, 2005). Lansber-
gen and colleagues set out to define the pathway be-
tween CLASPs and the cell cortex and to investigate
regulation of this pathway by extracellular signals.
This work identified two proteins (LL5b and ELKS) as
components of a molecular link between CLASP bound
MT tips and the cell cortex and provided evidence that
these interactions are regulated by PIP3.
How did Lansbergen and colleagues accomplish
this? After using a clever streptavidin/magnetic bead
strategy to isolate proteins bound to transfected
CLASP, they used mass spectrometry to identify these
proteins. As expected from previous work, the +TIP
CLIP-170 was the most prominent CLASP binding pro-
tein, but in addition this approach revealed LL5b and
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5ELKS (also called CAST2, Rab6IP2, and ERC1). A series
of additional experiments confirmed the specificity of
the interactions and showed that while the interaction
between CLASPs and LL5b is direct (mediated by the
central coiled-coil region of LL5b and the C terminus
of CLASP), the interaction between CLASPs and ELKS
likely occurs though LL5b. LL5b is intriguing because
it is involved in clustering of the acetylcholine recep-
tor and has links to the actin cytoskeleton (Paranavi-
tane et al., 2003; Kishi et al., 2005), while ELKS has
been implicated in exocytosis (Ohara-Imaizumi et al.,
2005).
What is the functional significance of the interaction
between CLASP, LL5b, and ELKS? Lansbergen and col-
leagues showed that CLASPs and ELKS colocalize with
LL5b at the cell cortex and that microtubules or small
microtubule bundles often terminate at LL5b-positive
patches. LL5b and ELKS, like CLASPs, were also polar-
ized toward the leading edge of migrating cells. More
significantly, RNAi experiments showed that both
CLASPs and ELKS depend on LL5b for their cortical
localization, although LL5b depletion had no effect on
the ability of CLASPs to track microtubule plus ends
or localize to the Golgi. Furthermore, LL5b RNAi re-
duced the number of microtubules at the cell periphery,
the accumulation of microtubule tips at the peripheral
ventral cortex, and microtubule stability (as assayed
by resistance to nocodazole treatment). Analysis of mi-
crotubule dynamics in cells expressing GFP tubulin
showed that LL5b knockdown did not significantly alter
rates of nucleation, growth, or depolymerization, but did
decrease the amount of time microtubules spent
paused near the cell edge. The sum of these observa-
tions provides strong evidence that communication be-
tween the cell cortex and CLASPs occurs through LL5b
and that this interaction is involved in selective stabiliza-
tion of microtubules near the cell cortex. It is interesting
to note that while the qualitative effects of LL5b deple-
tion are similar to those of CLASP depletion, they are
not as strong, suggesting that CLASPs can also work
by LL5b-independent mechanisms.
So, how are these interactions regulated? LL5b con-
tains a pleckstrin homology domain at its C terminus
that can bind to PIP3 and is required for its cortical lo-
calization (Paranavitane et al., 2003). This suggests
that PIP3 signaling might be involved in regulation of
LL5b localization and, therefore, in regulation of CLASP
activity. Consistent with this idea, Lansbergen and col-
leagues found that LL5b is diffusely localized in serum-
starved cells but becomes strongly recruited to the
leading edge upon serum addition. This relocalization
is inhibited by treatments that inhibit PI3 kinase. Filling
out the connections between PI3 kinase and microtu-
bule polarization is an ongoing process, but the sum
of this evidence suggests that induction of PI3 kinase
by the addition of serum leads to LL5b cortical localiza-
tion, which in turn leads to microtubule stabilization
through CLASPs. In considering this model, it is inter-
esting to remember that PIP3 is also a key regulator of
the actin cytoskeleton, but the substance of this con-
nection remains a topic for future study.
While significant, the work by Lansbergen and col-
leagues leaves many mysteries unsolved. First among
them is how exactly do CLASPs stabilize microtubules,and how does LL5b influence this activity? Do CLASPs
act directly or through a binding partner such as EB1
or CLIP-170? In this respect, it is interesting to note
that CLIP-170 and LL5b bind to the same region of
CLASPs, while EB1 binds to a separate region of
CLASPs. Whether these interactions are independent,
synergistic, or antagonistic remains to be seen. A sec-
ond question is how this CLASP-LL5b pathway relates
to other pathways for microtubule capture, including
those mediated by APC and cortical dynein (Gundersen
et al., 2004; Galjart, 2005; Grill and Hyman, 2005). There
are reasons to draw these pathways as separate, and it
is tempting to think of them as independent. However,
the fact that these pathways contain many common el-
ements (most strikingly EB1) suggests that this would
be unfortunate oversimplification. Additional questions
arise from observations that CLASPs have important
mitotic functions and are also found on the Golgi com-
plex (reviewed by Galjart, 2005). Are these functions in-
dependent, or are they different aspects of the same
process?
Consideration of CLASP activities raises two broader
questions: Why is the microtubule plus end such a
crowded place? Why do so many +TIPs bind to and influ-
ence each other? Perhaps the MT plus end is an integra-
tor of information, receiving input from many signals and
responding (by virtue of the activity of the set of proteins
bound to it) according to the sum of those signals. If this
view is accurate, gaining a comprehensive understand-
ing of the microtubule plus end in cells will be a challenge,
but the work of Lansbergen and colleagues gets us one
step closer to meeting this challenge.
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